The methodology used in this study was action-research and the considered activity is been applied successfully for at least five years to undergraduate and to master classes for Industrial Engineering students in Brazil. It showed a significant result in both cases, providing the basis for the deepening in the subject in further lessons. Therefore, the main purpose of this paper is to present this didactic activity that uses a statistical software to introduce the subject Design of Experiments (DoE) starting from a simple process of everyday life. Despite DoE in Brazil being emphasized in Industrial Engineering, this issue is extremely relevant in all areas of research where there is experimentation. The activity's idea was to make students able to interact and understand the concepts of planning and optimizing experiments in a natural and intuitive way by following seven steps proposed in the literature: 1. Recognition and statement of the problem, 2. Choice of factors, levels, and ranges, 3. Selection of the response variable, 4. Choice of experimental design, 5. Conduction of experiment, 6. Statistical data analysis, and 7. Conclusions and recommendations. In order to confirm and strengthen the learning process, some exercises are then offered to students. To ensure the effectiveness, the exercises were designed based on the new version of the Taxonomy of Educational Objectives, also called Revised Bloom's Taxonomy. This proposed exercises discuss the content at all levels of the cognitive domain.
Introduction
Teaching requires critical reflection on practice. The teacher must be aware of the fact that teaching is not only to transfer knowledge but also create possibilities for their own production and construction (Freire, 1996) . Under these assumptions, the idea of this paper is to show an activity that makes students interact to better understand introductory concepts of a specific discipline in a natural and intuitive way, offering the basis for deepening in the subject in further lessons.
Conduct experiments and analyze data are an integral parts of the engineer's work, therefore the statistic is present in his daily life. Although the Design of Experiments (DoE) is still insufficiently utilized in the industrial environment, it is known that its use increases the engineers effectiveness and the process efficiency (Tanco, Viles, Ilzarbe, & Alvarez, 2009 ). The use of Six Sigma methodology has made the DoE even more necessary, as this is a key tool that aims to minimize the waste of time and resources while promotes a more reliable result for experimentation.
Researching for "Design of Experiments" at the database ISI Web of Science, it is possible to observe that the term appears in approximately six thousand articles in various areas of knowledge, and both numbers of articles published and citations in this subject have been increasing since 1994, as illustrated in Figure 1 . The methodology used in this work was action-research due to the fact that the central idea is to use a scientific approach to study a problem together with those who are directly linked to it (Coughlan & Coghlan, 2002) . It was applied several times for at least the last 5 years at the Federal University of Itajubá-MG, Brazil with Industrial Engineering students (undergraduate and postgraduate).
There is a considerable amount of literature about nontraditional approaches for instruction and the benefits derived from implementing such approaches, but the student's opinions were left out in this discussions. Therefore Johnson & Dasgupta (2005) surveyed introductory statistics students about various aspects of their class preferences and proved statistically (p-value<0.001 ) that the overall percentage of students preferring non-traditional methods was significantly higher than the percentage of students preferring lecture style classes.
However, while learning can be better acquired through problem-solving experience, Wang, Wu, Chen, & Spector (2013) state that the knowledge learnt from this experience is difficult to be retained and reused. Therefore, they proposed a visualization-based learning environment that helped learners to articulate and connect complex problem-solving and knowledge-construction processes. For that reason, the visual factor is extremely emphasized at the didactic proposal described in this work. This kind of situation is a perfect example of active learning because the students are not just a recipient of teacher's knowledge.
If a teacher never had experienced active learning, he can be reluctant to try something different from lectures. In this case, Roseth, Garfield & Ben-zvi (2008) suggest a collaborative teaching group to help by sharing experiences, providing guidance and support. By working collaboratively, statistics educators can help lead and support each other in moving to a more centered instruction. To implement a new approach, teachers must know their students, but they should also know themselves. Lesser & Pearl (2008) suggest to start off with the lower-risk modes that fit most within their comfort zone or personality.
Thus, to complement the learning process of this work, some exercises are also proposed in order to guide the study and improve the apprenticeship. The exercises were drawn from the "Revised Taxonomy of Educational Objectives" or "Revised Bloom's Taxonomy" and discuss contents at all levels of cognitive domain to ensure the effectiveness of teaching.
This taxonomy is a framework to classify what should be expected from student's learning as a result of lessons that was originally published in 1956 and rewritten 45 years later, when it was called Revised Bloom's Taxonomy (Krathwohl, 2002) . The exercises based on this taxonomy could be also used as a way to receive feedback from students about teaching without the teacher feeling uncomfortable for doing this.
In order to achieve the proposed objectives, this article was written in seven sections. The first being the Introduction and the second the Material and Methods to reproduce this study. The third and fourth sessions approach the design and optimization of experiments, respectively. Section 5 concerns the exercises based on revised Bloom's Taxonomy, session 6 the results of this work and some discussions about it, and the last section presents the conclusions and proposals for future work in this subject.
Material and Methods
For designing experiments, some guidelines are proposed by Montgomery (2001) and they are divided in seven steps as shown in Table 1 . For more details, especially in the industrial applications level, it is interesting to consult Coleman & Montgomery (1993) . this article results from the application of this didactic activity in a graduating class in Industrial Engineering at Federal University of Itajubá.
Choice of Factors, Levels, and Ranges
Five controllable factors of the process were agreed by the students:
-Time: Preparation time should range between 3 and 5 minutes, as described in the instructions on the microwave popcorn's packages, and it is a continuous variable.
-Power: In general, the microwave power can be programmable, and in this case it will work with a power of 70% to 100%, being also a continuous variable.
-Popcorn brands:
The most popular brands of microwave popcorn are X and Y. It is good to use real names to this variables when in class and it will probably differ depending on the place where this activity is applied.
-Microwave brands:
The most popular brands on Brazilian market are A and B, this variables should also be nominated as suggestions from students.
-Side of the package: The popcorn package brings an information about the side it should be positioned on the microwave glass plate. The influence of this curious variable for the outcome of the process can also be investigated.
The uncontrollable factors are those that the experimenter cannot manipulate and probably its effects can be ignored to the experiment. For example, the usage time of the microwave, the amount of corn in the popcorn package, the time elapsed since the corn harvest until they were used in the experiment, the size of each corn, etc.
Selection of the Response Variables
Two important outputs of the process were agreed between the students:
-Amount of Unpopped Popcorn: This output is related to productivity and can be measured by counting the unpopped corn after the process. It is deemed to have this output values near from 0 (zero). Therefore, the closer to the lower limit, the better is the process.
-Quality of Popcorn:
The values of this output must be defined through a survey and can be represented with scores ranging from 0 (zero) to ten (10) or following a Likert scale for the agreement's level with "This popcorn is good" whose responses vary from "Strongly Disagree" to "Strongly Agree". In both cases, the more approximate to the upper limit, the better is the process.
Summary Table
An experiment seeks to manipulate the controllable factors and analyze their effects on the process outputs. Thus, the process variables in fact will be considered in design and optimization of experiment are summarized in Table 2 . 
Choice of Experimental Design
To set the number of popcorn packets (input) that must be purchased for the experiment, it is necessary to start the Minitab® and access the options in 'Stat / DOE / Factorial / Create a Factorial Design'.
The box "Number of factors" should be filled with the amount of controllable factors to be considered in the experiment, i.e. five. Then it is possible to check the amount necessary or sufficient of experiments on the button "Display Available Designs". As can be observed in Figure 3 , for five factors, eight tests are inconclusive (red) and 16 or 32 experiments are sufficient (green). Consequently, thinking about the operational cost reduction, 16 experiments will be conducted, i.e., it will take 16 popcorn packages to perform the experimental procedure. Figure 9 th the experime pcorn's e side, de.
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The Bloom's Taxonomy can be used as a guarantee of learning for a student who reaches all needed levels of the cognitive domain, for a particular content or also as a feedback for the quality of instruction.
Hattie (2009) points out feedback from the student to the teacher as the most effective factor for teaching. However, students often do not feel comfortable to give a real feedback either the teacher himself is embarrassed to accomplish a survey. Thus, these exercises could play this role, showing the poorest levels of students and enabling the teacher to conduct corrective actions or changes in his future behavior.
Results
When identified the deficiency in learning, how the situation can be reversed? Taking advantage of the free flow of ideas in moments of relaxation, teachers from public and private universities in the fields of Engineering and Management were informally interviewed in order to get suggestions to stimulate student learning at each level of revised Bloom's Taxonomy. A summary of results is presented below:
-Remembering: detailed reading of the basis book or related materials.
-Understanding: producing schematic summaries of theory.
-Applying: solving exercises together.
-Analyzing: showing solved and detailed examples in classroom.
-Evaluating: teamwork with individual evaluations.
-Creating: living the theory and showing practical examples.
After the application of this didactic proposal in a class, 10 (ten) questions about DoE and Experiment Optimization in each level of revised Bloom's Taxonomy were proposed for a group of Industrial Engineering students. Their mistakes were provided on a chart to enable further analysis of learning. The Figure 18 shows a boxplot of student's mistakes. Figure 18 . Boxplot of student's mistakes on the proposed exercises
The results are very similar for all levels of revised Bloom's Taxonomy, however, there were slightly more mistakes in "Remembering" and less in "Understanding" and "Evaluating" compared to others levels. Then, in this case, the first thing teacher should do is to encourage a detailed reading of the basis book or related materials because the students are not remembering as much as they should and this is the most deficient level of revised Bloom's Taxonomy as showed in Figure 18 . The other levels could also be better worked and the last levels the teacher should worry about are "Understanding" and "Evaluating" because even if the results are not perfect (zero mistakes), they are closer to zero than the others.
Discussion
This activity was applied to undergraduate classes and also to master classes in Industrial Engineering at Federal University of Itajubá. In this work, the data and the results that were showed belong to an undergraduate class but it showed a significant result in both cases, providing the basis for further education and the tools for deepen the teaching of DoE in later lessons.
As a future project, the authors aim to expand the bank of questions based on Bloom's Taxonomy to this subject, improve the suggestions to stimulate the student learning at each level of revised Bloom's Taxonomy with a bigger research and create new teaching guides or techniques following this same pattern to other subjects. It could be also interesting to apply the same questions in a group interviewed without introduce DoE and Experiment Optimization to compare the results of both.
